Measurements of urinary proteins, blood and urinary cadmium, and in vivo kidney and liver cadmium have been made for a group of workers at several times between 1981 and 1990. The possibility of the introduction of measurement artifacts due to the use of different in vivo measurement systems has been assessed and is considered to be small. Changes in cadmium body burden with time have been studied in relation to kidney function. The results suggest several interesting patterns, although more data are needed to elucidate these further. They do, however, show the effectiveness of good hygiene in the workplace.
a cross sectional nature (at one point in time),>" with few studies including measurements over a period. '4 The last are of particular interest as they provide information on changes in cadmium stores, and relate these to the onset of toxic effects in some members of the workforce.
The opportunity has been provided to make additional in vivo and biochemical measurements on a group of workers exposed to cadmium fume in the process of producing cadmium silver alloy. Previous measurements on these workers have already been reported."516 In this paper we present further con- clusions from this longitudinal study.
Subjects and methods
In the overall study, four sets of measurements have been carried out to date. The initial measurements were made in December 1981, with subsequent measurements in March 1983, January 1986, and April 1990. At each survey, with the exception of 1983, measurements were made of urinary proteins, blood cadmium and urinary cadmium concentrations and in vivo kidney and liver cadmium burdens. In 1983, no in vivo data were collected. The original study group consisted of 37 male workers who were exposed to cadmium and silver fumes, along with, to a lesser extent, other metal fumes such as those of lead, zinc, copper, and arsenic for various periods. Twenty eight of these presented for further measurements in 1983, 21 in 1986 (although only 16 kidney measurements were available for analysis), and 18 The liver system used in these measurements was the same as that used in 1986. The LLD for both kidney and liver measurements has decreased for each new system introduced, reflecting the increased precision of the measurements arising from the improvement in counting statistics. The precision of the measurements also depends on any error introduced due to mispositioning of the subject. In all the kidney measurements and the last two sets of liver measurements, ultrasound was used to locate the organ, with an estimated measurement uncertainty of + 5 mm. In practice, the reproducibility of kidney depth estimates for subjects with repeated measurements was + 5 5 mm even over this nine year interval, supporting the estimated precision. This 5 mm uncertainty in the kidney depth results in a cadmium measurement uncertainty of the order of 7%. For the liver measurements, the corresponding uncertainty is less than 1%.
In each survey, extensive phantom measurements have been carried out. The method of making the phantoms has not changed throughout the measurement period and the same phantoms were used in 1986 as in 1990. The error introduced in mispositioning any phantom is well within 5% but, in any case, in each survey, sets of phantom results were used for calibration, decreasing the importance of mispositioning any individual phantom. The above factors would seem to suggest that the likelihood of the introduction of appreciable artifacts is small.
Results
In reporting the original results taken in 1981, the population was divided into groups according to their duration of exposure to cadmium at that time. The first group had been exposed for periods of up to 10 years. Of these workers nine had complete in vivo measurements made in both 1986 and 1990 (subjects 15, 16, 21, 24, 26, 28, 31, 35, and 37), from which body burden was calculated as: The one subject in this group (24) For the subgroup of nine workers, body burden decreased significantly between 1981 and 1990, for both the retired workers and the workers still employed. This suggests a decrease in accumulation ofcadmium in this period, compared with that before 1981. This is easily explained for the retired workers, assuming environmental cadmium levels to be less than occupational levels. The decreased accumulation in the workers still employed is substantiated by factory records, which indicate a decrease in exposure to cadmium due to the use ofmore effective extraction techniques, and to the decrease in cadmium content of the alloys produced by the factory; these measures having been introduced after the initial measurements in 1981.
The one worker who had a large increase in body burden in 1986 has not, according to factory records, increased his exposure significantly in the study period and, indeed, is considered to be a very careful worker. This large increase is not believed to be a result of measurement error, and no explanation of it can be offered at this time. It should be noted, however, that despite this increase in body burden, especially the large kidney cadmium level, this worker does not, from the biochemical measurements, appear to have developed cadmium induced nephropathy.
The liver and kidney cadmium levels in the two workers with signs of kidney damage exhibit an interesting yet puzzling pattem of redistribution. Unfortunately, the numbers do not make it possible to study this in depth, but this pattern has been seen in similar workers from another factory.
An important finding of the original study on this population, '5 This longitudinal study has brought to light several interesting patterns of change of cadmium body burden. Despite the large number of workers measured during this longitudinal study, it has been difficult to follow more than a few throughout the entire study period. This limits the interpretation of the data, and the conclusions which can be drawn, and supports the case for collaboration between researchers with similar data. Nevertheless, in this factory, the results indicate the importance and beneficial effects of good occupational hygiene practice.
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